People show systematic biases in perception, memory, and attention to favor information related to themselves over information related to other people. Researchers have examined these biases in order to throw light on the nature of the self. We review this evidence in memory, face recognition, and simple perceptual matching tasks through objective measures of self-biases. We argue that the self serves as a stable anchor across different forms of judgment and that referring a stimulus to ourselves enhances the binding of stimulus features at different stages of processing (e.g., in perception and in memory) and also the binding between processing stages. There is neural evidence that self-biases reflect an underlying neural network that interacts with but is independent of attentional control networks in the brain, and that damage to the self-related network disrupts the bias effects. We discuss the implications for understanding the nature of the self.
Introduction
The concept of self is used to explain how we interact with the world and think about both our own behavior and the behavior of others. It is not surprising that the self as an ubiquitous topic in psychology has driven researchers for centuries and continues to drive interest in different research fields (e.g., in memory [1] [2] [3] [4] [5] and attention 6, 7 ) , specifically, in cognitive science and neuroscience in the last 2 decades. Arguments about the nature of the self have been put forward since the beginnings of psychology as a science. James 8 distinguished between the physical, mental, and spiritual aspects of the self, arguing that physical representations could be extended to objects that are associated with the individual. 8 This idea of self-expansion has more recently been incorporated in social psychological theories about "the expanding self," 9, 10 where it has been proposed that the self forms the basis for representations of our own group, which can be incorporated into the self-representation, 11, 12 and also in a basis model of self-specificity in neuroscience that argues the function of self-specificity in associating the self with either internal or external stimuli by the brain's spontaneous activity. 13 Despite the importance placed by theorists on the concept of the self along this line of research, the nature of self-expansion/ association, and what any such established representation does for us during self-expansion/association, has remained elusive. For example, what function might self-representation play in the different processes determining our cognitions? Are selfrepresentations in some way special and do they depend on distinct neural circuitry? Answers to such questions are beginning to emerge, and they form the focus for this review.
We attempted to answer these questions through empirical measures of self-biases that can be sued as a proxy for self-representation. In the following, we begin by summarizing the evidence of self-biases in different domains and tasks using self-biases as objective measures (i.e., memory, face recognition, and perceptual matching tasks). Then, we discuss two properties of self-reference to account for the functions of the self in information processing: that the self serves as a stable anchor in decision doi: 10.1111/nyas.13197 making that is less affected by the external decision boundary, and that referring a stimulus to ourselves enhances the binding of stimulus features and also binding between different stages of information processing (e.g., in perception and in memory). Finally, we discuss neural networks underlying the functions of the self.
Self-bias as a proxy for self-representation
One of the difficulties in much of the early work about the self was that it was reliant on subjective report to derive self-related indices of quite general concepts, such as how independent or interdependent a person is relative to others. Such indices can be open to effects of task demands, they do not map easily onto current models of cognition, and the derived measures are likely to reflect a broad range of processes operating at different levels and over different time courses. In order to generate more objective indices, researchers have more recently focused on how referring a stimulus to ourselves systematically biases cognition. These biases are robust and open to various manipulations that help to constrain our understanding of the attributes of the self and the role that the self may play in cognition. In these studies, self-bias effects serve as a proxy for the otherwise difficult to measure and abstract concept of the self. The biases have been studied with a wide range of stimuli (e.g., faces, trait terms, even simple geometric shapes associated with the self and others) and in a variety of tasks stressing perception, memory, and decision making (see Fig. 1 for illustrations of the stimuli, tasks, and results), illustrating the ubiquitous nature of self-reference effects on information processing.
Self-biases in memory
Some of the earliest studies into self-bias focused on the effects on memory of referring a stimulus to the self. Rogers et al. had participants make judgments to trait terms in relation to either themselves or others. 5 Memory for the terms was better if participants had judged them in relation to themselves rather than other people, owing to organizational and elaborative processes in encoding, as argued in the early stage of the field. [1] [2] [3] [4] [5] This result, enhanced memory after reference is made to the self, has now been found in numerous studies. 3, [14] [15] [16] [17] Interestingly, very recently researchers proposed that the effect does not seem to rely on deeper, more elaborated processing being applied to self-related stimuli. For example, Leshikar et al. 18 had participants make judgments about either the semantic meaning or the self-relevance of positive and negative adjectives. Despite being compared with a condition involving deep encoding (judging the semantic meaning of stimuli), there was better recollection for items judged in relation to the self. Sui and Humphreys 19 examined the effects of selfreference on memory in an amnesic patient who showed no effects of depth of processing (when semantic encoding conditions were compared with encoding based on a judgment about the surface property of a stimulus (the physical size of a picture). The amnesic patient had enhanced memory for stimuli processed in relation to himself versus another person, and this effect was as large as that found for control participants. Thus, the effects of self-reference on memory can dissociate from the effects of deeper semantic encoding.
One other aspect of self-bias effects on memory is that they are associated with increased recall of episodic details about items judged in relation to ourselves, compared to items judged for meaning. For example, Craik et al. 20 found that there was increased memory for the perceptual details of stimuli, even though these details were not strictly required for performance. Prior work also showed that self-reference is an efficient strategy in encoding to reduce memory impairment in aging by linking stimuli to personal knowledge and subsequently enhancing memory retrieval. 21 In addition, young children also benefit self-referential encoding and demonstrate self-advantage in memory. 22 For example, Cunningham et al. 14 presented children with images of their own or another child's face along with an object, with the task being to judge whether the child liked the object. On a subsequent memory test, the children not only demonstrated better performance on objects judged in relation to themselves but they also had performed better at judging which face the remembered object was presented with. 22, 23 These last results raise the question of whether self-reference does not simply improve memory performance but has a more specific effect on the binding of elements within an episode (including the binding of memory to its source, which judgment was made initially, and when stimuli were processed in relation to the self).
Self-biases in perceptual judgments
As well as affecting memory, there is evidence that self-reference influences perceptual judgments to stimuli. For example, judgments about whether a face is oriented toward or away from a viewer are made more quickly and with higher accuracy if a participant sees their own face than if they see someone else's face-including the face of their best friend. 24, 25 Perceptual judgments are enhanced by self-reference not only with well-learned stimuli (own versus others' faces) but also with stimuli that have arbitrary and newly learned relations to the self and other people. Sui et al. 26, 27 had participants learn new relationships between a stimulus (a color or a shape) and a label referring to the self or another person (e.g., circle-you, square-friend, trianglestranger). Participants were then presented with the original pairing (a match trial) or with the stimuli re-paired (circle-friend, square-stranger, triangleyou: mismatch trials); the task was to decide whether an original or a re-paired stimulus was presented on a trial. There was a robust advantage for matching self-related stimuli compared with stimuli linked to other people. This self advantage also interacted with whether the stimuli were presented with high contrast or degraded-self-related stimuli showed smaller effects of contrast reduction compared with stimuli associated with other people. This last result is consistent with perceptual processing being enhanced for self-related items. We note that this evidence for rapid development of self-reference effects for stimuli arbitrarily associated with the self fit with the argument put forward by William James that aspects of self-representation can be transferred to external objects.
Self-biases in attention
At least some of the self-bias effects we have noted may reflect enhanced attention to stimuli associated with the self. There is evidence for attention being drawn to self-related stimuli. In a seminal study, Moray 6 found that presentation of the participant's own name in an unattended auditory channel could capture attention; participants were more likely to switch attention to the unattended channel and to report their own name than the name of another person. Own-name effects have also been studied in the attention blink (AB)-an attentional limitation in reporting a second target when a first target has recently been identified. The AB has been found to be less pronounced when the second target is the participant's own name, compared with other names. 28 Similar to this, inattentional blindness (the failure to notice an unattended but perceptible stimulus) is reduced for own-name stimuli, 29 as is repetition blindness (the difficulty in reporting a repeated occurrence of a stimulus). Yang et al. 30 have also reported that participants fixate earlier and make fewer saccades to a target that is their own name compared with the names of others. In each of these cases, own-name stimuli seem to be less subject to attentional limits, and even to dictate where attention falls, when compared with other stimuli.
Supporting neuropsychological evidence comes from Sui and Humphreys's work in progress. Sui and Humphreys examined the phenomenon of extinction, where patients can report a single stimulus presented on the side of space opposite their lesion but fail to notice the same item when a second stimulus appears simultaneously on the ipsilesional side and competes for attention. Sui and Humphreys found that extinction was reduced on two-item trials when one stimulus was associated to the self, and that the presence of the self on the contralesional side even induced extinction of the ipsilesional stimulus. This result suggests that selfrelated stimuli can be encoded preattentively and then affect the subsequent deployment of attention. The neuropsychological evidence is also supported by an electrophysiological study with normal observers, 31 where researchers assessed self-biases in face perception using a continuous flash suppression paradigm to present stimuli subliminally. They found that subliminal self-faces were associated with a greater probability of breaking into awareness under the continuous flash suppression conditions, and they also modulated the amplitude of the positive event-related component over the central midline cortex, compared with subliminally presented famous faces. These electrophysiological effects were distinct from those found when the stimuli were presented supraliminally and suggest that there is differential processing of self relative to other faces even outside awareness.
In all of the above-mentioned cases, the presence of self-related stimuli improved performance. The converse of this is that self-related items can disrupt performance if they are irrelevant to the task. For example, the central presentation of the participant's own name can disrupt the detection of peripheral stimuli, 32, 33 and a participant hearing their own name in an irrelevant list has been found to reduce working memory capacity. 34 Similarly, the presence of a participant's own face can disrupt a primary task (e.g., judging which arm of a cross is longer) when the self-face appears as a background distractor. 35, 36 However, not all the evidence indicates that selfstimuli are processed independently of attention. Turk et al. 37 reported that divided attention abolished the self-advantage effect in memory, though participants remembered more items after self-ownership judgments compared with otherownership judgments when full attention was allocated. In this case, divided attention may disrupt elaborative encoding to self-referential items, 16, 38 reducing the self-advantage. The authors propose that there is a reduction in the memory enhancement to the self when insufficient resources are allocated to the stimuli. Other investigators have reported that the own-name effect decreases when stimuli are presented outside the focus of attention. 39, 40 In line with this study, Mattan et al. 41 tested the role of self in perspective taking. They showed scenes containing a number of discs and an avatar. When the number of discs viewed by the avatar was incongruent with the number the viewer could see, viewers were slower at judging how many they could see. 41 The effects of perspective incongruity were also reported in other studies. 42, 43 The avatar could also be associated with the self or another person. Though performance was accelerated when the avatar was associated with the self, the effects of viewing incongruent numbers of discs were comparable for both the self-and other-related avatar conditions. The authors argue that there is not automatic and exclusive attention to the information viewed by the self. Bundesen et al. 39 briefly presented words in one of two colors and had participants report items from a particular color. Performance was not disrupted when the participant's own name appeared in the distractor color. Harris and Pashler 44 did report differential distraction from the participant's own name compared with other names, but only when the own names were rare events-any distraction effect disappeared if the own name distractors occurred half the time. Harris and Pashler suggest that, rather than there being automatic attention capture by one's own name, interference stems from the surprise of occasionally seeing your own name on trials where the distractor is attended.
To account for such results, Humphreys and Sui 7 have argued that the bias to attend a self-related stimulus interacts with attentional control mechanisms. There can be some processing of self-related stimuli without attention. For example, a neuropsychology study reported that self-name can be processed by people with minimal consciousness. 45 In contrast, self-related processing is differentially enhanced when items are attended. 13, 46 In addition, controlled attention to another stimulus can reduce any selective processing of the self when the self is irrelevant to the task.
Properties of self-reference effects
Given the ubiquitous effects of self-reference on memory, perception, and attention, we can begin to ask what the properties of self-reference effects are and what these properties tell us about selfrepresentation. We highlight two properties here: the role of self-reference as a stable anchor point in decision making and the effects of self-reference on binding. 47 
Self-reference as an anchor in decision making
Self-bias effects on perceptual judgments to neutral stimuli are highly stable within individuals. Participants who show a strong (or weak) selfbias effects at time N show a strong tendency to show a strong (or weak) self-bias effect when the bias is assessed a month later. 48 There is a traitlike stability for the self-bias effects on perceptual matching when individuals are tested on different occasions (see Fig. 2A ). 49 Self-related stimuli show greater stability within individuals across sessions (Fig. 2B) . 48, 49 This within-subject stability is also apparent across different types of decision. Sui and Humphreys 50 had participants make varying judgments to stimuli associated to the self or other people. The participants saw images of their own face, their friend's face, or the face of a stranger. In one case, the task was to distinguish the self-face against the others (self versus other decisions). In a second case, participants had to discriminate familiar faces (self + friend) versus unfamiliar faces (other). That is, the decision boundary was varied across the stimuli in the two tasks. Performance was assessed using mathematical modeling of the reaction times based on the assumption that the underlying distribution reflected the combination of a Gaussian and an exponential function (an ex-Gaussian analysis; see Refs. 51 and 52) , where the Gaussian function is represented in terms of parameters for the mean and standard deviation of the distribution (mu (μ) and sigma (σ)), while the exponential distribution is represented by a single parameter, tau (τ), which reflects both the mean and the standard deviation. Some authors have attempted to link the different distributions to contrasting underlying processes, though this remains somewhat controversial. For example, shifts in the mean of the Gaussian function may reflect the time to initiate stimulus processing or to retrieve stimulus-response associations 53 or the noise operating under different conditions. 51, 54 In contrast, changes in the exponential function may reflect decision making, 54 conflict resolution (e.g., on congruent versus incongruent trials in the Stroop task; see Ref. 55) , and/or more attentiondemanding processing of particular stimuli that consequently have a greater spread in the time taken to assign them to a perceptual category. [56] [57] [58] The results in Sui and Humphreys 50 were striking. Key parameters of the functions (the and components) were constant for self-stimuli across the two tasks (see Fig. 2C ), and there was reduced variance in the distributions of the parameters for self-related stimuli compared with stimuli associated with other people. In contrast, for friend and stranger stimuli, the parameters not only differed from those found with the self, but they also varied across the tasks. The results suggest that there is stability in decision making in relation to the self, both when the task requires that a boundary is set between the self and other faces (i.e., an explicit selfother boundary is required) and when the boundary must be set between familiar faces and others (when an explicit self-other boundary is not required). Sui and Humphreys suggested that the self-other boundary was consistently maintained even when this distinction was not demanded by the task; that is, it is a stable boundary that is applied across different explicit distinctions.
Contrasting with the self-anchor effect observed when external criteria are made in decision making, prior work has shown that self-reference also serves as a stable anchor when no correct answer based on external circumstances is available. 59 In this case, subjective preference, determined by selfreference, becomes an internal criterion in decision making. For example, researchers report that selfreference reduces the conflict by biasing one of two occupational choices in decision making compared with other reference. 60 The self acting as an implicit anchor in decision making may reflect that the self always exists in our consciousness, 61 especially when self-related stimuli are present.
Self-reference and binding
When discussing the effects of self-reference on memory, we noted that the effects were not confined to a general increase of memory performance, but there is a particular benefit on source memorythere is better integration of the stimuli to be memorized with the context in which they were encoded. 14, 19, 22 That is, self-reference may improve the binding of stimuli to the episodic event in memory (Fig. 3A) . This apparent effect of self-reference on binding is not confined to memory, and there is also evidence for improved binding of elements in perception and for binding between different stages of processing when stimuli are associated with the self.
The enhanced binding of visual elements in perception has been reported by Sui et al. 62 Sui et al. first had participants form associations between two geometric shapes and personal labels (you, friend; also see Ref. 27 ). Subsequently participants saw either a single shape on a trial or two shapes, both of which would correspond to the same person (the shapes could be identical (e.g., two squares, both you) or nonidentical (square + circle, both you)). The task was then to classify the shape(s) as you or your friend (Fig. 3B) . When two stimuli are present that map onto the same classification response, there is typically a performance benefit relative to when only a single shape exemplar is present (there is a redundancy gain; see Refs. 63 and 64). One interesting aspect of such redundancy gains is that they can be assessed formally in relation to explicit models of performance; for example, performance can be tested against a model that assumes that there is perceptually independent processing of each of the exemplars. 63 Under particular conditions, performance can be better in the redundant target condition relative to that expected from independent processing of the stimuli-participants seem able to respond to the perceptual whole more than the sum of the independent parts. Consistent with this last argument, redundancy gains are particularly strong when the stimulus elements are part of the same perceptual object. 65 Sui et al. 62 formally modeled shape classification using the capacity analysis proposed by Townsend and Eidels. 66 This analysis assesses the probability of a response being made across different time bins in the contrasting conditions, taking the ratio for performance on redundant targets relative to the sum of that for single target trials. When this ratio is <1.0, there is evidence for interference between the processing of the elements on redundant trials (the probability of making the response within a given time window on redundant trials is less than the summed probability on single-item trials). When the ratio is equal to 1.0, then the shapes are said to be processing without capacity limitations. When the ratio is >1.0, then processing shows supercapacity, where, for given time windows, responses are completed with a higher probability than can be expected from the summed probability on single-item trials.
The results are presented in Figure 3B , for conditions in which the stimuli had perceptual redundancy (two identical shapes) and when they had conceptual redundancy (two different shapes), for self-related items (top figures) and items related to the friend (bottom figures). The results indicate that there was supercapacity (ratio redundant/summed single shapes >1.0), especially across the short time windows (when the fastest responses were made). This effect occurred both when the shapes were identical and when they were nonidentical, consistent with the enhanced redundancy gain stemming from the conceptual association between the shape and the self. In contrast, friend-related shapes suffered interference on redundant shape trials, with the ratio for redundant shapes/summed single shapes <1.0. These data suggest that there is enhanced perceptual binding of elements in self-related processing, compared with other-related processing. This enhanced perceptual binding generates super-redundancy gains when two self-related elements are present, over and above the performance expected from independent processing of the elements.
Besides self-related binding in perception, this enhanced binding, when stimuli are associated with the self, may contribute to the tendency to assimilate new information into our self-representations, 9, 10 including the representations of members of our own group. 12 The self can expand because selfreference provides a form of "glue" that binds together different conceptual elements. Interestingly, there is a perceptual counterpart to this notion of self-expansion. Sui and Humphreys 67 had participants carry out perceptual matching between personal labels (you, friend, stranger) and geometric shapes (square, circle, triangle). On a minority of trials, the shape could be smaller or larger than the shape that participants learned initially. Responses to self-related stimuli uniquely benefited when the shapes were shown at a larger size, and this sizeenhancement effect was correlated with the degree of self-bias that participants showed with mediumsized shapes (participants who tended to have a large self-bias benefited most when self-related shapes were depicted at a larger size). The results suggest that presenting more information relating to self selectively facilitates identification responses, similar to the results on redundancy gains. 62, 68 The flip side of self-reference facilitating stimulus identification by enhancing the binding of visual features is that performance may be disrupted when self-enhanced binding must be discarded. This was investigated by Wang et al. 69 Participants learned associations between shapes and personal labels (see above). After this, the shape-label relationships were switched, so that a shape previously associated with the self or a friend had then to be associated with the label stranger. Sui and Humphreys found that there was worse matching performance when a new association had to be made with the shape formerly linked to the self, compared with when the shape was formerly linked to the friend. There was cost from earlier self-related binding of the shape to the label, which led to new associations to the shape being difficult to form. 69 In addition to the evidence for enhanced binding of elements in perception, there are also data indicating that self-reference increases the linkages between different stages of processing. Liu et al. 70 assessed the effects of facial cues on responses to peripheral target stimuli. The face cues could cue left or right, and the target was then randomly presented on the left or right side of fixation. Target responses were enhanced when the face turned to match the location of the subsequent target, and this effect was particularly strong when the participant saw their own face as the cue. This increased effect of the facial cue was linked to two components of the visually evoked response, with a greater N1 component and a reduced P300 component for self-related stimuli. An enhanced N1 has been linked to increased attention to a perceptual stimulus, while reductions in the P300 component are associated with greater decision certainty. The self-bias effects on these two components were correlated-participants who showed a greater selfrelated N1 also showed a greater self-related reduction in the P300 (see Fig. 3C ). The results indicate that self-reference mediated the association between attentional responses to the stimulus and greater certainty at the stage of decision making.
The neural basis of self-reference effects
The neural basis of these self-reference effects has been examined in several studies. One consistent finding is that, for a wide range of tasks (e.g., from trait judgments through to perceptual matching of neutral shapes), self-reference is associated with increased activation in the medial prefrontal cortex (mPFC; see Refs. [71] [72] [73] . Activation of the mPFC has been found when participants are at rest, with activity then sometimes decreasing when participants are engaged in attentionally demanding tasks (Fig. 4A) . 74 That is, activity of the mPFC may reflect a form of default setting of brain activity. Northoff 13 has proposed that this default activity actually reflects our representation of ourselves (Fig. 4B) .
Sui et al. 75 examined the relationships between activity in the mPFC and more posterior brain regions related to stimulus-driven attention to the environment (notably the left posterior superior temporal sulcus (LpSTS); see Ref. 76 ). Brain activity was measured using functional magnetic resonance imaging (fMRI) while participants carried out shape-label perceptual matching with stimuli related to the self, a best friend, and a stranger. They found increased activity to self-related stimuli in the mPFC and also the LpSTS, when compared with stimuli related to other people. Dynamic causal modeling of this activity indicated that self-association in particular increased functional connectivity from the mPFC to the LpSTS (see Fig. 4B ). This result fits with the idea that selfbias can come about through upregulation of brain regions responding to stimulus-driven attention, perhaps after access to self-representations in the mPFC. To accommodate this last result, Sui and Humphreys 77 speculated that there is rapid access to self-representations in the mPFC, and that this then enhances binding in memory, perception, attention, and decision making, perhaps through increases in excitatory neurotransmitters (Fig. 4C) . This speculation awaits future testing.
Taking all of the foregoing considerations together, we propose that the activity of the ventromedial prefrontal cortex (vmPFC) is related to the functions of self-anchor in decision making and of self-binding. The idea is empirically supported by a recent meta-analysis of neuroimaging studies showing that internally guided decision making (e.g., subjective preference, beliefs) consistently enhances the activity of the vmPFC, which couples with the perigenual anterior cingulate cortex, posterior cingulate cortex, and superior temporal gyrus as a distinct neural network of internally guided decision making. 59 On the other hand, the binding function with the activity of the vmPFC is supported by the studies in self-referential memory 20 and selfperception. 75 For example, in a shape-personal label matching task, participants were assigned an external stimulus (e.g., geometric shape) with themselves, which increased the neural coupling between the vmPFC and the posterior superior temporal sulcus (pSTS), indicating the associations between selfrelated label and neutral geometric shapes. 46 Here, we argue that one of the functions of the vmPFC is to bind external stimuli/objects with the established self-representation, and self-binding strength is indexed by the coupling strength from the vmPFC to the pSTS, reflecting the degree of self-expansion.
Interestingly, in the study of Sui et al. 75 the brain regions typically linked to task-driven attentional control (the dorsal frontoparietal network; Ref. 78) were more activated when participants responded to associations to other people compared with associations to themselves. This suggests that stimulus-driven attention to self-associated stimuli can be distinguished from task-dependent attention, recruited for matches to other people (Fig. 4D) .
A greater understanding of the mechanisms underlying the functions of the self will have widespread application in neuropsychological patients and psychiatric disorders by providing objective measures rather than traditionally subjective assessment. For example, it has been found that schizophrenic patients showed decreased activity in the vmPFC and ACC and their functional connectivity 79 related to self-representation in a self-reflection task. This result indicated that the objective measures of self-function may provide important indices for psychiatric diagnosis.
Humphreys and Sui 7 have recently discussed these results in relation to the framework of a self-attention network. They propose that selfrelated attention is dependent on a ventral network involving the mPFC and LpSTS, with activation of this network acting to drive attention to self-related stimuli in the environment. This self-related network interacts with more dorsal frontoparietal brain regions involved in task-based attentional control. For example, in simple shape-label perceptual matching tasks, activation of the ventral network speeds responses to self-related stimuli but may interfere with responses to stimuli related to other people, when self-related responses have to be overruled (this could occur owing to re-pairings of the self-related label to another shape, on mismatching trials; on subsequent matching trials, the shape may now partially activate the self-network). In tasks where self-related information is associated with distractors and has to be ignored, 35 the dorsal network would need to inhibit the ventral selfnetwork to enable self-related information to be ignored. However, when self-related stimuli are task relevant, then the dorsal network may boost the ventral network to enhance stimulus processing. Evidence consistent with this was reported by Sui and Humphreys. 80 In this study, the probability of different stimuli was varied in a perceptual matching task. Self-bias increased when self-related stimuli had a high probability of occurrence.
These arguments for a distinction between a ventral, self-related network and a more dorsal attentional control network are in accord with brain imaging studies of resting-state activity that separate out contrasting neural networks based on patterns of intercorrelated brain activity. For example, Seeley et al. 74 distinguished between what they term a saliency network involving paralimbic brain regions, the anterior cingulate cortex and frontoinsular cortices, and a more dorsal, frontoparietal network that they link to executive attentional control. We argue that the more ventral, saliency network is implicated in self-reference effects. Neuropsychological evidence also supports the argument for the distinct, and sometimes antagonistic effects of self-attention and task-based, executive attention, and for the critical role of the mPFC and the LpSTS in self-based attention. Sui et al. 81 report data from two patients, one with damage to the mPFC and one with more posterior damage involving the LpSTS. They found that self-bias effects on perceptual matching were reduced in the patient with the mPFC lesion, consistent with damage to the self-representation critical to "drive" attention to self-related items. On the other hand, the patient with LpSTS damage showed an increased self-bias effect. This last result can be understood if the topdown activation from self-representations (in the unlesioned mPFC) has a greater than normal effects when attentional processes are disrupted (due to the LpSTS lesion).
Is the self special?
One long-standing question, raised by the evidence on self-bias effects, is whether the effects of the self on the stability of decision making and on binding is in some way special, dissociated from other general factors that may modulate memory, perception, and attention. One potentially important factor is familiarity. Especially in experiments using face stimuli, it may be that performance is modulated by differential familiarity of one's own face relative to the faces of other people. People tend to see their own images more often in the mirror than other's images. It has been argued that the self-bias effects in the presence of one's own mirror image relative to the face images of others may reflect the familiarity of stimuli. In contrast to the account of familiarity in self-bias effects, there is also evidence showing the qualitative difference between the processing of one's own and close other face images. For example, researchers have reported that, when classifying the face images of self, friend, or stranger, participants made faster responses to the self faces than the faces of others, no matter whether the face images were presented upright or upside down. In contrast, the familiarity effect for the friend (versus stranger) face was exclusively observed when the face images were inverted. The results indicate that the self-biased responses cannot be reduced to greater familiarity of stimuli. In addition, differential familiarity with the stimulus cannot be the critical factor in studies using neutral shapes, especially when simple shape identification is required. 46, 68 Similarly, studies have demonstrated a self-advantage even when other people are highly familiar (e.g., the participant's mother or his/her best friend; see Ref. 82) . At the very least, there seems to be a nonlinear effect of familiarity in relation to the self.
Other possibilities are that self-biases reflect differences in the reward and/or emotional value of self-related stimuli. Northoff and Hayes, 83 for example, argue that self-related stimuli are inherently rewarding, and so the effects of self-bias may specifically stem from the effects of reward on memory, perception, and attention. Alternatively, Ma and Han 24 proposed that self-related stimuli generate a positive emotional response and that this may modulate the observed effects. Note that there are effects of reward and emotional valence on cognition, which are unrelated to the self, [84] [85] [86] so effects of reward and emotion linked to the self would not necessarily stem from some special properties of the self.
Though there remains much work to be done on the relationships between the self, reward, and emotion, there are results indicating that not all aspects of self-bias arise from these factors. For example, redundancy gains in shape identification tasks are stronger for self-related stimuli, and only self-related stimuli manifest supercapacity when multiple exemplars are presented. 62 Self-but not reward-related stimuli are sensitive to changes in the size of the associated shapes in shape-matching tasks. 67 Also, while both self-and reward biases are stable across individuals over time (see Fig. 2 ), the two biases do not strongly correlate across individuals, and self-and high-reward associations do not cluster together when variations across individuals are examined. Such results indicate that self-and reward biases can at least be partially dissociated. Similarly, there are not strong associations between self-bias effects and biases to positive emotion, 49 consistent with some differentiation between selfand emotion-related biases. An important issue for future research is to delineate whether at least some aspects of self-bias reflect these underlying factors and whether other aspects relate to self-specific representation.
Conclusions
In this review, we focused on the functions of the self and how they arise across diverse situations. Through an empirical measure of self-biases, we have reviewed evidence indicating the pervasive influence of self-reference on information processing from perception, through attention, to memory. Furthermore, we have argued that the functions of self-reference are linked to specific processing changes-(1) the self being used as a stable anchor point in decision making and (2) self-reference modulating binding. The functions of self-anchoring and self-binding are mediated by the activity of the vmPFC, which interacts with other brain regions to generate self-biased responses in a given situation. We argue that, by delineating the two properties of self-reference through self-bias effects, we begin to learn about the functional role of self-representation at particular stages of cognition, and, through this, what self-representation does for us.
